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used  to  simulate  human  performance  in  choice  reaction  time,  stimulus 
repetition,  dual  task,  and  cue-conflict  (Stroop)  situations.  This 
extends  the  use  of  production  system  models  to  encompass  both  problem 
solving  and  attention  limited  behavior. 
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The  developaent  of  theories  of  attention  and  the 
study  of  problem  solving  represent  distinct  traditions  in 
the  study  of  cognition.  In  this  paper  we  present  a  model 
of  human  performance  that  la  intended  to  Integrate 
theoretical  concept^  derived  from  the  two  fields.  Two 
concepts  are  central  to  the  model.  One  idea,  taken  from 
the  study  of  problam  solving,  la  ths  Idea  that  thinking 
can  be  described  sa  the  activation  of  productions  - 
pattern-act  Ion  rules  that  constitute  the  elementary  steps 
in  problem  solving.  The  second  Idea,  taken  from  the  study 
of  memory  and  attention,  is  that  memory  records  can  be 
thought  of  as  a  set  of  interconnected  nodes,  called  a 
semantic  network.  In  a  semantic  network  model,  memories 
are  aroused  by  the  automatic  spread  of  activity  through 
the  network.  In  our  model  a  production  is  associated 
with  each  node  in  the  semantic  network,  and  that 
production  ia  aroused  when  the  correepond l ng  node  reaches 
a  critical  level  of  activity.  The  details  of  pattern 
recognition  and  production  arousal  processes  are  spelled 
out  below.  Because  the  model  deals  with  the  interaction 
between  spreading  activation  and  production  eiecutlon,  It 
will  be  referred  to  aa  the  Production  Activation  Model. 

The  modal  has  bean  implemented  as  a  computer  program. 
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Thla  has  aede  poaaible  the  siaujitlon  of  e  variety  of 
phenomena  from  the  literature  on  attention.  Attentlonal 
phenomena  Mere  choaen  for  alauletlon  becauae  they  depend 
upon  the  Interaction  between  semantic  activation  and 
production  •Moutlon.  This  contraate  with  phenomena  tht 
depend  upon  the  charactmrl at  1 cs  of  either  the  production 
system,  alone,  or  the  semantic  network,  alone.  To 
Illustrate,  Newell  and  Simon's  (197?)  simulations  of  human 
problea  solving  were  determined  entirely  by  the 
cberacterl  stl  ca  of  production  aysteaa  tbejr  used.  Their 
program  did  not  contain  an  analog  of  a  semantic  network. 

On  the  other  hand,  Anderson  (19*3,  e,  b)  reports  s 
simulation  of  the  "fan  effect, «  the  fmot  that  the  time 
taken  to  recall  a  fact  about  an  object  inoreaaea  with  the 
number  of  facta  that  are  known.  The  simulation  or  the  fen 
effect  depended  only  upon  the  process  of  aetlvmtion  in  e 
semantic  network. 

The  decision  to  focus  on  the  interaction  between 
■•■■n*lc  activation  and  production  eseoutlon  does  not  meen 
that  the  resulting  model  la  unable  to  handle  phenomena 
that  depend  on  either  process  alone,  since  the  model  la 
capable  of  earnoutlng  productions,  it  inherits  the 
capability  for  simulating  problem  solving  that  ham  already 
bean  demonstrated  for  production  system  models  in  numerous 


studies.  (See,  in  'articular  Newell  and  Simon,  197?). 
Since  it  contains  e  semantic  network,  the  model  could  be 
used  to  simulate  phenomena  produced  by  semantic 
activation.  In  computer  terminology,  the  model  can  be 
looked  upon  as  an  l  terpreter  of  production  systems. 
Therefore  it  can  execute  any  simulation  of  problem  solving 
that  la  stated  as  a  production  system  program. 

The  attempt  to  deal  with  attentlonal  and  problem 
solving  phenomena  within  the  aame  model  Is  challenging, 
because  studies  that  rocus  on  only  one  of  these  fields  can 
afford  to  lgnora  problems  thmt  must  be  dealt  with  by  the 
other.  Consider  problem  solving.  Previously  reported 
production  system  models  have  been  used  to  simulate  the 
accuracy  of  problem  solving  in  situations  in  which  the 
subject  was  asked  to  perform  e  single  task,  without  any 
constraints  on  attention.  These  studies  dealt  with 
neither  the  time  pressures  involved  In  problem  solving, 
nor  the  effects  of  distracting  concurrent  stimulation. 

The  production  activation  model  deala  with  both.  On  the 
other  hang,  theorier  of  the  activation  of  memories  rarely 
give  a  satisfactory  oatcrlptlon  or  the  process  by  which 
lnoreasad  activation  is  translstad  into  action.  A  model 
in  which  the  units  of  memory  arm  productions  rathar  than 
( 1 1 1-dsf 1 ned )  engrams  makea  the  connection  between 
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activation  and  action  explicit. 

Thia  paper  la  orgenlxad  Into  three  aactlona.  The 
ftrat  contaloa  a  deacrlptlon  of  tha  aodel  and  the 
simulation  program.  The  aacond  praaanta  the  raaults  of 
simulations  of  aoaa  of  the  phenomena  seen  In  popular 
paradigms  of  the  attention  and  perroraanc*  literature. 

The  paper  does  not  go  Salt,  great  detail  in  discussing  any 
one  simulation,  alnoe  tha  Intent  la  to  ahou  the  breadth  of 
the  aodel  rather  then  to  explore  lta  potential  for  depth 
of  explanation.  { Subsequent ,  a ore  apecial l*eg  papers  era 
planned  to  dlacuea  each  of  the  simulations  In  aore 
|  detail.)  The  third  aectton  dlscueaea  the  payohologl ca 1 

significance  of  the  aodel,  and  coaparee  It  to  other  aodela 
j|  .of  aentel  action. 

Deacrlptlon  of  the  aodel 

I  We  aaauae  that  when  a  stimulus  la  presented  two 

concurrent  lnforaatlon  processing  seduences  are  Initiated. 
One  involves  s  pattern  recognition  process  that  culalhe tea 
when  s  label  Identifying  the  stlaulua  la  placed  In  working 
aaaory.  The  label  provides  on  1 nterpretstlon  of  the 
stlanlua  that  Can  airva  aa  a  trlggar  for  furthar  actions. 
This  sequence  of  pattern  recognl  t  lone ,  action*,  and 
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furthar  Pattern  recognitions  will  be  called  the 
"control  lad"  lnforaatlon  processing  sequence.  In 
addition,  stlaulua  presentation  la  asauaed  to  Initate  r.n 
"autoaatlc"  proceaslng  aadusnea  that  behavas  in  quite  » 
different  way.  Instead  of  relying  on  pattern  recognition 
guided  by  lnforaatlon  In  working  memory,  tha  autoaatlc 
processing  sequence  relies  upon  tha  apread  of  activation 
levels  froa  one  engraa  in  aaaory  to  associates  of  that 
angraa.  without  involving  tha  working  aeaory  sfatea.  In 
the  following  section,  these  two  syateas  are  described  in 
detail. 

The  Cool  rolled  Processing  illUl 

i 

Aa  aentloned  above,  controlled  processing  can  be 
envisaged  as  tha  operation  of  s  production  systaa  . 

interpreter  (Newell,  1973)-  Such  interpreters  contain  two  1 

parts:  a  eat  of  productions  (pattern-action  ?aira)  etored 
in  long  tara  aaaory,  and  s  blackboard  area  that  contain* 
lnforaatlon  about  the  currant  situation.  At  each  cycle 
tha  pattern  part*  of  all  productions  are  coapared  to  } 

lnforaatlon  on  tha  blackboard.  Jf  any  patterns  are 
recognised,  one  or  aore  of  the  associated  actions  are 
taken,  figure  1  shows  the  relat 1 onah 1  pa  between  the 
blackboard  and  long-torn  aaaory  wtUixad  in  the  froductlon 
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Activation  Modal.  The  blackboard  Itself  is  divided  into 
three  treat:  two  seta  of  external  channels  (one  visual  and 
one  auditory)  that  contain  lnforaetlon  presented  to  the 
systea,  and  a  working  aeaory  area  that  contains 
lnforaetlon  that  the  ayatea  Itself  generates  as  it 
Interprets  problea  solving  situations. 


figure  1  here 


The  lnforaetlon  flow  lapllct  in  figure  1  will  now  be 
explained.  lnforaetlon  is  placed  in  the  external  channels 
by  the  *eat 1 ronaent , ■  l.e.,  by  a  process  outside  the  scope 
of  the  aodel  Itself.  The  lnforaatlon  presented  Bay  be 
4  n  either  an  "auditory”  or  a  "visual"  code.  These  mass 
have  been  chosen  for  their  obvious  analogy  to  sensory 
sodalities,  but  coaputetional ly  the  only  distinction 
between  thea  la  that  the  stlauli  are  described  in 
different  oodes.  lnforaetlon  in  the  external  channels  la 
exaained  by  the  productions  available  in  long-tera  aeaory. 
Vhen  an  auditory  or  visual  psttsrn  is  recognized,  an 
intsrnsl  labsl  for  tbs  stlaulus  la  placsd  in  ths  working 
aeaory  area.  The  Internal  label  nay  either  be  in  the 
(auditory  or  visual)  eeasory  code  in  which  the  stlaulus 
wee  presented,  or  it  nay  he  in  an  Internal  "aeaantlc" 


code.  ir  the  label  Is  in  s  sensory  code,  It  is  placed  in 
either  the  "auditory"  or  "visual"  channel  of  the  working 
aeaory  area.  These  channels  provide  a  way  for  the  systea 
to  respond  to  internally  generated  stlauli,  represented  as 
sensory  codes.  The  internal  channels  are  thus  snalagous  to 
Baddeley's  (1976)  concept  of  auditory  and  visual  buffers 
in  working  aeaory. 

If  the  internal  label  la  in  the  seaantlc  code,  it  asy 
be  placed  in  any  of  the  the  several  seaantlc  channels  in 
the  working  aeaory  area.  Badde’ey  and  others  have 
stressed  the  need  for  a  sodality  free  representation  of 
lnforaetlon  in  working  aeaory.  The  seaantlc  code  provides 
such  a  representation. 

The  production*  in  long-tera  aeaory  continually  are 
aatched  against  both  the  external  and  working  aeeory 
channels.  Thus  Configurations  of  working  aeaory  aey 
thease Ives  serve  as  stlauli  for  further  actions.  For 
exaaple,  suppose  that  two  etlauli  were  placed  on  separate 
external  visual  channels.  The  aodel  could  be  "Progressed" 
{l.e.,  provided  with  an  appropriate  production  systea) 
that  would  select  one  of  thea,  place  it  In  the  visual 
channel  of  working  aeaory,  end  then  use  the  Internal 
visual  code  aa  e  stlaulus  to  place  a  eeaentic 
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1 ntepretat tons  of  the  origin*'  stimulus  In  the  semantic 
working  momorr  srss. 

The  following  eraaple,  which  li  based  on  an  actual 
simulation  study.  Illustrates  the  process  In  sore  detail. 
Consider  a  two-choice  reaction  time  study  In  which  either 
of  two  visual  stimuli  -  Stlaulua  1  or  Stlaulua  2  -  can  be 
presented.  the  subject's  task  Is  to  identify  the 
stlaulua,  by  asking  Response  1  If  Stimulus  1  has  been 
presented  and  Response  2  If  Stimulus  2  has  been  presented. 
A  production  system  can  be  constructed  using  two  pairs  of 
rules : 

1.  If  stlaulua  a  (a  si, 2)  appears  on  a  visual 
fhanael,  place  the  signal  'recognised  stlaulua  i*  In 
working  aeaory.  Two  productions  are  required,  one  for 
each  value  of  a. 

2.  If  the  signal  'recognised  stlaulua  «■  la  in 


The  condition  part  of  a  rula  (tha  "If"  clausa)  will 
ba  rtferrad  to  aa  the  pattern  of  a  production.  Tha 
coaaequent  part  (the  'then"  olauee)  will  be  refsrred  to  aa 
the  action.  In  oontrolled  proonnalng,  a  sequenee  of 
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productions  la  executed  in  an  order  that  la  determined  by 
thslr  level  of  activation.  Tha  first  step  In  controlled 
processing  is  deternl net  1  on  of  the  extsnt  to  whtch  there 
la  a  match  between  the  stlaulua  and  aach  of  tha  patterns 
In  long-term  memory.  A  complete  model  of  how  stlaull  and 
patterns  ir«  aatchad  would  conatltuta  a  theory  of 
perception,  which  la  quite  beyond  the  scope  of  our  work. 
Instead  of  Including  such  a  theory,  the  aodel  Includes  a 
pattarn  recognition  process  that  la  propoasd  aa 
sufficiently  descriptive  of  huaan  perception  for  our 
purpoiet. 

The  stimulus  is  rapraaantad  aa  an  ordared  list  or 
faaturas ,  drawn  from  a  feature  alphabet,  or  code, 
appropriate  to  that  particular  type  of  stimulus.  Distinct 
Similarity  aatrlcaa  are  asaoclatad  with  auditory,  visual, 
and  semantic  codes.  The  (lj)th  entry  of  thl«  aetrls  la  e 
number,  between  aero  and  one.  Indicating  tha  extant  to 
which  tha  1th  value  or  a  feature  In  that  code  resembles 
tha  Jth  value.  For  example,  If  the  stimuli  were  figures 
of  varying  shape,  the  entry  for  (triangle,  circle)  would 
be  near  aaro,  and  tha  entry  for  (circle,  ellipse)  would  be 
pear  one.  Tha  diagonal  (li)  entries  of  tha  feature  matrix 
arm  always  one,  indicating  that  a  stlaulua  feature  aoet 
reeeablea  itself. 
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The  Similarity  matrix  notation  provides  a  flexible 
nay  of  describing  features,  since  it  allows  for  the 
possibility  of  s  confusion  without  requiring  that  ell 
conceivable  confusions  be  permitted.  for  instance,  a 
stimulus  similarity  matrix  could  be  constructed  to  permit 
confueion  between  colore  (e.g.,  red  end  orange)  or  forme 
(triangle  end  square)  but  never  between  color#  and  forma. 
Paychoiogi eslly  It  would  be  more  reallstle  to  think  of 
sub-dictionaries  (and  oonfuslon  matrices)  within  a  large 
dictionary  of  visual  or  acoustic  features.  Jo  prectlcs. 

It  la  easier  to  aalntaln  e  single  dictionary  for  each  type 
of  sensory  code. 

Patterns  are  denned  by  ordered  lleta  of  pairs, 

(T,w),  where  r  is  a  feature  in  the  appropriate  code  end  w 
la  an  indicator  of  the  importance  of  the  feature  to  the 
pattern.  The  value  of  w  may  vary  Trom  -1  to  ♦  1 ,  depsndlng 
on  whether  the  feature  la  contraindicated,  irrelevant 
(w«0)  or  mandatory.  The  resemblance  of  a  stimulus  to  a 
pattern  la  computed  using  Luce's  (1956)  ©holes  rule, 


(  D 


Z' 


(j)  8lm(3( J),p< J) 


Resemblance  of* 
stimulus  to 
psttsrn 


k 


J«1 


In  this  aquation,  k  la  the  number  of  features  in  the 
stimulus  and  the  pattern,  a(J)  Is  the  Jth  feature  of  the 
stimulus,  p(J)  la  the  Jth  feature  In  the 
psttsrn,  slm(s( J) ,p( J) )  la  ths  similarity  of  feature  s(J) 
to  reature  p(j),  as  spsclfled  by  ths  similarity  matrix, 
end  w(J)  la  ths  weight  of  the  Jth  feature  In  the  pattern. 
The  possibility  that  a  stimulus  may  not  contain  all  the 
features  of  a  pattern  (  or  vice  verse)  can  be  handled  by 
including  e  null  code  within  each  code  dictionary.  The 
null  code  muet  not  resemble  eny  other  code,  i.e.,  the 
off-diagonal  entries  for  the  null  row  of  tho  similarity 
matrix  muet  be  ttro. 


In  some  experiments  patterns  must  differentiate 
between  the  appearance  of  a  stimulus  on  an  espected  or  an 
unexpected  channel.  This  distinction  la  particularly 
Important  in  studlas  of  divided  attention,  where  a  person 
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a y  b#  told  to  react  to  the  preaeno*  of  a  signal  in  tb* 
lgbt  but  not  tb*  left  ear,  or  to  a  algnal  in  tba  right 
ut  not  tb*  left  of  the  visual  field.  To  allow  for  this 
osalbinty,  a  pattern  la  further  defined  to  have  an 
ddltlonal  "feature,*  corresponding  to  the  channel  on 
blob  the  stlaulus  la  expeoted.  The  laportano*  of 
tlaulua  location  la  apeoiried  by  atatlag  *  channel 
eight,  a,  varying  froa  0  to  1,  where  o»0  Indicates  that 
be  channel  l*  Irrelevant,  and  «tl  Indicates  that  the 
attorn  1*  defined  exclusively  for  one  abannel.  The 
trength  of  a  aatcb  between  a  stlaulus  and  a  pattern  la 
hen  ooaputed  by  tb*  rule 


blanc*  If  the  stlaulus 
the  expeoted  channel 


V  1-c  Hreaeablanoe)  if  the 
stlaulus  Is  on  an 


variable  that  takes  aa  Its  value  a  vector  of  features. 

The  Pattern  part  of  each  production  la  alallarly  a  vector 
of  features,  and  "perception"  la  the  process  of  coaparlng 
the  value  of  a  channel  to  the  pattern  part  of  a 
production.  This  establishes  a  hierarchy  of  dlaanalons  of 
variation  for  stlsull.  Stlaull  any  dlffar  in  their 
features,  and  dlffar  In  tba  ohannal  on  which  thay  appaar. 
Tba  distinction  la  eoaputatlonal ly  laportant  in  the  nodal, 
because  patterns  ara  flrat  Batched  to  etlauli  by  coaputlng 
a  walghtad  aua  of  aatebaa  baaed  on  corresponding  features, 
and  tb#  resulting  value  then  aultlplled  by  a  weight 
deteralned  by  the  ohannal.  to  alternative  «cb*a*  would  b* 
to  treat  a  channel  aa  an  additional  feature  of  the 
atlauiua.  Consider  visual  figures  that  varied  In  shape, 
*!*•»  and  color.  Shape  and  site  are  deteralned  by  contour 
end  color  1*  not.  Should  oolor  be  considered  aa  a  feature 
to  be  added  ...  w  1th  *bap«  and  else,  or  should  a  alaulatlon 
be  able  to  treat  color  In  a  ooaplataly  different  Banner; 
1.*.  as  a  ohannal?  ha  have  chosen  the  alternative  of 
d 1 et 1 ngu 1  ah 1 ng  between  channels  and  features.  The 
laplloatlona  of  the  other  alternative  have  not  been 
studied. 


Tb*  distinction  between  channels  and  features 
deaervea  eoueat.  Coaputa t l onal l y ,  a  channel  la  aa  array 


Ro  clala  la  Bede  that  tba  slallarlty  coaputation  rule 
In  •  theory  of  perception.  (It  would  be  of  lntareat  to 


I 


I 
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raplaoa  the  rule  vlth  a  psychological l y  ior«  Juatlflabla 
ona.)  Doing  the  similarity  computation  pula  allows  us  to 
proosad  with  tba  task  of  atudylng  tba  post  rsoognltloo 
pbaaoaans  simulated  by  the  Production  Aotlvatlon  Modal 
Itself.  This  point  Is  developed  In  more  detail  In  the 
general  dlsnusslon  aeotlon. 


computations  within  a  cycle  taki 
parallel.  Vltbln  a  cycle,  at  *< 
or  acoustlo  pattern  may  be  sale 
Therefore,  patterns  vltbln  a  si 
compared  with  one  another  to  dei 
mill  be  selected.  The  conditions 


ce  functionally  In 
<  semantic,  visual, 
'or  execuatlon. 
r-rfallty  (or  code)  are 
ml  nlcb  one.  If  any 
.  -r  aelectlon  are 


The  stimulus  oomples  may  oontaln  Information  that 
matches  several  patterna  to  varying  dagrees.  Therefore 
a  •conflict  resolution  rule*  Is  required  to  determine 
vbloh  production  la  to  have  Its  associated  aotlon 
eteouted.  Conflict  resolution  Is  s  general  ebaraoterlatlo 
of  produotl on  systoms  (McDermott  and  rorgy,  1978).  In  the 
Production  Aotlvatlon  Model,  the  pattern  pnrt  of  eaob 
production  bee  associated  vlth  It  a  non-negative  reel 
number,  s,  oslled  Its  activation  level.  One,  but  obly 
one,  of  tb#  rectors  Involved  In  determining  an  aotlvatlon 
levol  Is  tbs  sitent  to  vbloh  tbo  pattern  natobos  non#  pnrt 
of  tbo  stimulus  eonplas .  Tbo  otbor  factors  srs  explained 
belov.  The  important  point  boro  is  tbat  the  oonfiiot 
resolution  ruin  la  n  procedure  for  comparing  aotlvatlon 
lovols. 


computed  for  finite  etepn  of  time,  oslled  oyoles.  All 


1.  The  pattern's  activation  level  aunt  be  above  s 
preset  threshold  that  is  a  characteristic  of  the  pattern, 
and 


2.  The  aotlvatlon  levnl  of  the  aeleoted  production 
must  sxcssd  the  activation  level  or  any  other  pattern 

stated  In  tbe  sane  code  by  an  amount,  DELTA,  thnt  is  a  I 

parameter  of  tbs  system. 

Tbs  faot  that  tbs  controlled  system  oen  respond  to  at  ^ 

most  one  seasntlo,  one  visual,  and  one  acoustic  pattern 
vltbln  a  single  oycle  vill  be  referred  to  as  the 
•bottleneck  condition.”  Tbe  points  at  vhich  productions 

compete  for  action  selection  will  be  referred  to  se  j  \ 

bottleneck  points.  Tbe  Production  Activation  Model 
contains  three  bottleneok  points,  one  associated  vlth  each 
of  tbe  oodes. 


■v  -t 
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A  atrong  restriction  of  the  aodal  la  that  patterns 
ara  atatad  In  teres  of  tho  faaturaa  on  a  single  channel. 
Thus  it  la  not  possible  to  define  a  pattern  in  teres  of 
concurrent  features  on  two  ohannels,  l.e.,  in  teras  of  a 
aultlaodal  stlaulus  ooaplez.  It  la  possible  for  the 
sjetea  to  react  to  aul ti -ahanne 1 ,  aultl-coded  stlaulus 
ooaplezes  by  recoding  the  ooaponenta  of  these  ooeplciea  to 
internal  stlaull  in  the  seaantlc  aods,  and  then  reaotlng 
to  the  aonstruoted  senantlo  stlaulus.  The  point  Is  that 
Intervention  by  the  controlled  spates  la  always  required 
to  construct  suob  an  internal  spates.  There  Is  no  way 
that  the  syetea  can  resot  to  aul tl -channel  stlaull  within 
a  single  tlae  cycle. 

Any  production  syetea  oould  be  realised  within  tbs 
controlled  processing  frnaework  of  this  aodsl.  Since 
unrestricted  ooaputlng  syateas  ere  equivalent  to  Turing 
aeohJnee,  it  is  geaernlly  held  that  they  provide  too  such 
power  to  be  reellstlo  psychological  alaulatlons.  Tbs 
usual  wny  to  avoid  the  problea  Is  to  lntroduoe  the 
restriction  that  patterns  auat  not  exceed  a  fixed  length, 
hv,  that  oould  he  looked  upon  as  a  Halt  on  the  capacity 
of  working  aeaory.  Thera  are  then  only  a  finite  nuaher  of 
poanlblh  predictions,  corresponding  to  the  finite  aaaher 
of  ponalhly  dleorlnlnahle  stlaull,  given  that  each 


etlaulua  auit  consist  of  not  aore  then  k •  eleaents  froa  a 
finite  code. 

Tbere  Is  another  restriction,  not  stateable  In  the 
tsralnology  or  Turing  aachlnes  bet  stateable  by  reference 
to  the  Production  Activation  Modal,  that  asy  be  far  aore 
laportant  In  Halting  huasn  capacity.  It  Is  the  concept  of 
lntsrruptablllty.  Purthsraors,  this  restriction  Interacts 
with  lialtstlona  in  the  slxs  of  working  asaory.  leagine 
that  the  Production  Activation  Model,  or  soae  stellar 
device,  contains  a  production  systea  that  Is  logically 
sufficient  .o  do  an  arbitrarily  chosen  calculation  after  a 
alnlaua  of  n  steps  (n  >0).  Suppose  further  that  there  la 
aoas  probability,  q,  that  any  arbitrarily  cnoaen  seep  aay 
fall  to  axacuts  bacauaa  of  an  Interruption.  That  la,  the 
device  la  thought  of  as  being  eebedded  in  an  environatnt 
In  which  high  priority  stlaull  for  productions  outside  of 
the  set  In  question  appeared  randomly  on  an  eiternel 
channel.  If  such  a  signal  appeara,  Its  processing  takas 
priority  over  the  ooaputaton  currently  being  done.  Let 
P(n)  be  tbs  probability  of  completing  an  n  step 
computation.  Than 

n 

(3)  Mo)  v(1-Q> 

which  heooaea  arbitrarily  oloaa  to  saro  as  n  increases. 


J 
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Finally,  suppose  that  the  alxe  of  a  production  pattern  la 
Halted.  The  effect  of  this  llaltatlon  would  be  to  force 
a  large  coaputatlon  to  be  broken  down  Into  several  steps, 
thus  Increasing  n.  Clearly  the  coaputlng  power  of  the 
aodel  la  Halted  by  the  site  of  the  patterns  that  It  can 
recognise,  and  that  llaltatlon  Is  exacerbated  by  the  fact 
that  the  systaa  is  interruptible  by  •Irrelevant*  stlaull. 

The  Automatic  >roca»sln«  Svataa 

The  autoaatlo  processing  systaa  operates  In  a  quite 
different  aanner  than  the  controlled  syatea.  It  la  beat 
undaratood  by  conceptualising  esch  production  as  a  node  In 
a  network  that  Is  alallar  to  the  aeaantlc  networks 
described  by  Collins  and  Loftue  (1975)  and  Anderson 
(1976,1983,  a,b).  The  connection  between  any  two 
productlona,  l  end  J,  la  atated  as  an  association  value, 
a ( 1 , J ) ,  that  takaa  aoaa  value  between  1  and  -1.  If 
produotlon  1  has  activation  level  *(l»t)  at  tine  t,  the 
activation  level  of  production  J  will  be  increeaed  by  the 
asount  s ( 1 ,  J )  •  s(l,t)  at  tine  tel.  Tbue  information  Is 
paesad  fro*  produotlon  to  produotlon  by  apraading 
activation,  avoiding  bottleneck  polnta.  Ill  productlona 
tranaal t  information  about  their  aotlvatlon  level 
simultaneously.  i  single  produotlon  aey  sand  and  receive 
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activation  froa  several  productions,  including  Itself.  If 
the  association  link  between  two  productions  is  negative 
(a(l,J)  <  0)  the  tending  production  Is  said  to  inhibit  the 
receiving  production. 

The  two  choice  reaction  tlae  eiaaple  can  be  extended 
to  Illustrate  the  autoaatlo  Information  processing  system. 
Hera  It  is  useful  to  think  of  Stlaull  1  end  2  as 
associated  with  Responses  1  and  2  as  a  result  of 
Instructions,  training  and/or  at  leu  1 us-reapons* 
coapstlbl 11 ty .  For  lnatsncs,  suppose  thet  Stimulus  i  is  e 
right  arrow  (•->•)  and  SLlaulus  2  a  left  arrow  (■<-■),  and 
that  Responses  1  and  2  consist  of  ecie  «o*«««nt  of  «  lever 
to  the  right  or  left,  respectively.  Figure  2  shows  the 
network  of  esaoclatlons  that  would  be  u„ed  to  slaulste 
this  situation.  Thres  principles  were  used  in 
constructing  tbs  nstwork  (1).  Thay  ara 

1.  All  productions  actlvata  theaseives,  positively, 
that  la,  0  <  a( 1 , 1 )  <  1  for  all  1. 

2.  Any  production  whoaa  action  sight  produce  tha 
precondition  for  a  subsequent  production  la  positively 
associated  with  the  subsequent  production.  Thus  the 
produotlon  recognising  Stlaulua  1  prises  the  production 


I 
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that  vould  recognize  the  associated  eeaentlo  elgnal.  (To 
llluetrete,  i(vl,a1)  >  0  in  Figure  2.) 

3.  Xf  the  pattern  parte  of  two  production*  repreaant 
logioallp  ezolualve  Interpretation*  of  the  stlaulus,  then 
the  two  produotlona  Inhibit  each  other.  Por  thl*  reaeon, 
a( v  1 , v2)  <  0  and  *(v2,v1)  <  0  in  the  figure. 

These  rule*  were  oboaen  becauae  they  have  boon  found 
useful  In  a  nuaber  of  atudlea  of  aelf  orgaalting  spatea*. 
■ote  that  Rule  ]  li  i  logical  analog  to  lateral 
Inhibition,  a  phenomenon  widely  observed  in  the  nervous 
spates.  The  rulas  have  been  applied  to  the  eonatruetlon 
of  seaentle  networka  in  all  our  alaulatloa  atudlea.  In 
addition*  only  one  value  eaoh  la  paralttad  for  all  self 
aeeoclatlon*  <e<l,l)),  all  poaltlva  association*,  and  all 
negative  aeeooletloae.  The  eaee  values  ware  used  In  nil 
the  etudlee  reported  here.  The  feet  that  reasonable 
reaults  oould  be  obtained  without  recalculation  or 
paraaatere  ladloata*  that  tbo  nodal  le  robuet. 


®eoep,  k  tee,  and  lefrectorl nese 

If  the  eutoeetlo  epatea  operated  ezectlp  i* 
described,  activation  would  spread  through  the  spates 
without  Halt.  To  avoid  this,  a  decap  aaehanlaa  has  base 
introduced.  At  the  end  of  eneb  tine  cycle,  all  activation 
levale  era  rsduoed  bp  a  flzad  fraction  <s  (  0  <  d  <  U. 

(In  nil  of  our  work,  d  haa  bean  sat  to  .5)  in  addition, 
biological  J  of oraatl on  processing  apstsaa  are  etsussd  to 
be  subject  to  alnor  perturbations.  These  perturbations 
are  aodelad  bp  adding  a  rnndoalp  distributed  notes  elaaant 
to  each  production's  activation  level  during  each  cycle. 
The  nolee  eleaent  le  distributed  aoraallp  with  expectation 
of  soro  and  a  standard  deviation,  a.  The  a  pirsaeter  la 
thought  of  as  a  fixed  characteristic  of  an  Individual  at  a 
given  point  in  tlaa.  Bxcapt  where  noted,  a  oonetent  value 
of  e  was  uaed  in  ell  emulations.  Slallar  decay  and  noise 
processes  are  required  So  virtually  every  associative 
network  aodsl  of  learning  and  oognltlon. 


Figure  2  hare  Ia  Reduction  executing  spates*,  the  activation  level 

-  of  ■  production  aust  be  rsduoed  once  Ite  action  is  taken. 

Otherwise  the  spates  will  keap  repeating  lta  salaotloa  of 
the  eaee  production  oatll  new  input  la  received  (NcOersott 
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and  Forgy,  1978).  In  order  to  avoid  thia  uadeaireable 


When  a  prodwotloa  ie  eeleoted  for  eotlvntlon  ita 
tbreabold  la  raeet  to  a  value  halfway  between  ita  original 


level.  Subeegueotly, 


the  tbreabold  deoaye  toward  ita  original  level  at  a  rate 
deteralned  by  tbe  decay  percenter,  d.  Tbia  lnduoea  a 
refreotory  period,  during  whlcb  tlae  new  produotiona  can 
be  activated. 


Thia  aeotion  preaenta  a  brief  deaorlptlon  of  aalaoted 


prograa.  leaulta  have  been  ohoaen  to  illuatrate 


of  tbe  phenomena  In  gueatlon.  Four  experimental  paradlgaa 
will  be  ooaaldered.  Tbe  flrat  la  tbe  ebolce  reaotlon  tlae 


In  obolce  reaotlon  tlae  atudlea  tbe  participant 


known  that  exactly  one  of  a  Halted  auaber  of  atlaull  will 
be  preeeated  on  each  trial.  Tbe  teak  la  to  Identify  the 


ataple  atiaslua  ldentif loatloa  situation.  Repetition 
paradlgaa  ooaplieete  tbe  obolce  reaotlon  paradlga  by 
latrodeolag  carryover  effeota  froa  one  triel  to  enetber. 


atetlatlcelly  controlled  by  rendoalslng  tbe  sequence  of 
atlaulue  preaentetlona. )  Choice  reaotlon  tlae  end 


repetition  peradlgae  deal  wltb  tba  Identification  of  e 


In  both  paradlgaa  the  participant  known  where  and  when  the 
atlaulue  will  appear}  tba  only  problen  la  to  identify  It. 
By  contract ,  In  duel  taek  atudlea;  two  or  wore  atlaull  nay 
appaar  on  a  single  trial.  Typically  tba  atlaull  will 
appaar  at  dlffsrsat  places  in  tba  participant's  percaptual 
fiald.  Tba  partlelpant  auat  spilt  attention  across  tba 
dlffarant  aouress  of  Input.  Finally,  in  "Stroop" 
paradlgaa  two  dlffarant  atlaull  ere  presented 


aiaultaneouely.  Tbe  two  atlaull 


inooapatlbla  responses.  Tbs  participant's  task  la  to 


while  Ignoring  otbar  stimuli. 


Our  alnuluatlon  studies  bava  focussed  on  alaplo 
voraioaa  of  seoh  of  tbaaa  four  paradlgaa,  In  order  to 
Illustrate  tbe  baele  prlaolples  of  tbe  model.  Tbe 


paradlga  will  aot  be  dealt  wltb  bare.  Future  pepere  that 
explore  tba  alaalatloe  of  epaolfle  paradlgaa  la  greater 


I 
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Choice  reaction  tine  etudlee  have  produced  a  nuaber 
of  highly  replicable  phenomena,  iota  of  whlob  have  aaauaed 
the  statua  of  'lav*'  In  payohology. 


1.  jUflkla.  •  The  Illustrative  exanple  dealt  with  a 
two  choloe  reaction  tine  atudy,  l.e.,  on  any  trial,  one  of 
two  stlnull  appear.  Choice  reaction  tine  studies  nay  be 


olee  studies,  by  alio 


or  any  one  of  n  pre-deMned  stlnull  on  a  given  trial.  As 
before,  esoh  atlaulue  la  associated  with  a  single 
reeponse.  If  esoh  of  the  n  stlnull  are  equlprobable , 
average  reaotion  tine  increases  as  a  function  of  the 
logarlthn  of  the  nuaber  of  possible  stlnull.  This  finding 


Table  1  and  Figure  1  to  allow  for  2,  A,  or  6  stlaull  and 
rasponaee.  The  results  are  shown  in  Figure  3,  where  the 
nuaber  of  tisa  whloh  plots  the  relation  between  anaber  of 
oboloea  (on  a  logarithms  scale)  and  the  nuaber  of  tlao 


cyoles  before  a  raaponaa. 
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externa  1  raponae.  In  tbla  graph  and  all  othera  each  point 


waa  dataralnad  by  averaging  over  roughly  1000  equivalent 
trlela.  Figure  3  also  shows  results  of  a  atudy  by  Taylor 
(1982),  ualng  huaan  subjects.  Clearly  the  results  with 
the  slaulstlon  alalc  the  huaen  results  up  to  s  ratio 
trsnsforas tloa  (al 1 1 1  seconds  per  cycle). 


Figure  3  here 


z*  aBAAMctmai  Usdiolfs  .  The  relation  between 
speed  and  accuracy  of  responding  In  oholcs  situations  hss 
been  the  subject  of  considerable  study.  If  a  parson 


situation  the  probability  of  an  error  lnoreeeee.  The 
relation  between  probability  of  correct  response  end  ties 
taken  to  respond  Is  elaoet  always  a  aonotonlcel ly 
Increasing,  negatively  accelerated  function  (Pechalla, 
197A).  On  the  other  band,  obengee  In  either  the 
conditions  of  the  task  or  the  state  of  the  Individual  that 


the  frequency  of  errora.  These  two  effects  will  he 
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nuaber  of  etlaull,  only  the  2-cholc.  experlaent  will  be 
considered  here.  Thus  If  tbe  etlaull  ere  erbltrerlly 
lebeled  1  end  2  a  repetitive  sequence  would  be  a  sequences 
of  repested  presents tlons ,  as  In  while 

elteraetlea  would  be  represented  by  the  eequenoe 
1..2..1..2.  An  experlaent  by  glrby  (1976)  provides  e  good 
Illustration  of  the  baelo  pheooaeaa.  lespousee  to 
repetitive  aequeaoee  were  rapid  at  a  respoase-stlaul us 
interval  (RSI)  of  SO  aseoe,  while  responses  to  alternating 
sequences  were  rapid  at  aa  1S1  of  2000  aaee. 

The  prodwotloa  activation  aodel  acoouata  for  the 
abort  RSI  repetition  offsets  enlely  by  the  salivation  of 
the  outoaetin  system.  Aesuae  that  a  oerreet  response  to 
etlaulus  1  has  Jwst  bean  produoad.  By  definition,  the 
aotlvatlea  levels  of  the  productions  associated  with 
ldeatlf loatlos  of,  and  responding  to,  etlaulus  1  will  have 
boas  higher  than  the  aotlvatlea  levels  of  any  competing 
production.  Is  foot,  the  only  thing  that  hasps  the 


respesss.  If  the  eaae  stimulus  Isforastioa  la 
re-preseat ed ,  os  the  seat  trial,  the  autoaatlo 
already  be  biased  toward  prodwotloa  of  the  appr 


la  sufficiently  long  so  that  the  decay  process  reduces  the 
activation  level  of  all  productions  to  aoss  low,  nsar-sero 
value . 


Alternation  effects  are  generally  accounted  for  by 
sssualng  that  ths  decision  asker  has  s  sort  or  lsss 
conscious  bias  against  expecting  stlaulua  repetitions, 
l.a.  a  crude  version  of  tbs  feaous  gaabler’s  fallacy 
(Kirby,  1976).  This  sssuaptlon  osn  bs  aodeled  by  sssualng 
that  there  exist  productions  lo  tbe  controlled  systea  that 
blse  the  program  toward  alternation.  To  nlaulate  aucb  an 
affeot  two  additional  productions  were  added  to  tbs 


production  systea  for  the  choice  resotlon  simulation.  Ths 
first  production  had  aa  lta  pattern  the  stlaulua  that 
response  1  had  ocourrad,  the  other  pattern  recognised  that 
response  2  had  occurred.  Upon  recognition  of  response  1, 
aa  a  stlaulua,  the  appropriate  produotlon  placed  e<. 
internally  generated  stlaulua  that  ressablsd  stlaulua  2  In 
the  visual  working  asaory  channel.  In  ooaputlng  tnraa, 
"roseabled*  slaply  ns. ns  that  the  etlaulus  siallarlty 
between  the  actual  stlaulua  2  and  Its  Internally  generated 
expectation  wan  greater  than  taro,  though  leas  than  1,  end 
was  also  greater  than  the  reaeablaaoe  between  the  laterael 


lea  1.  following  the  teralaol* 


1 


feeaer  (TfTd),  this  eaa  bs  thought  of  ee  aa  Internally 


J 
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|«n«rit«4  signal  that  prlaes  the  productions  assoclstsd 
ultb  ldantlfy 1 ng  atlaulua  2.  Tbs  production  for 
recognising  response  2  prised  tbs  productions  associated 
Mlth  recognising  atlaulua  1  in  a  aiallar  Banner.  Clearly 
theee  productions,  sotlng  alone.  Mould  produoe  an 
alternation  erfeat,  because  tbe  presence  of  tbe  prlalng 
signal  la  Morklng  aeaory  Mould  effeotlvaly  loser  tbe 
thresholds  of  all  produotlona  aaaooiated  ulth  the  espected 
atlaulua.  However,  the  alternation  aeohaalia  oen  only  be 
Sffeotive  If  the  131  le  long  enough  for  tbe  relevant 
productions  to  he  aelsoted.  This  oontrasta  wltb  tba 
repetition  aecbanlea,  Mbloh  can  only  be  effective  at  abort 
ASIe. 

figure  6  demonstrates  reepoaae  and  altaraatlon 
affaota  at  abort  response-stimulus  Intervale.  Panel  A 


produot lon-eotl vation  nodal.  Sequence  AAAA  represents  the 
repetitive  presentation  of  tbe  sane  atlaulua  on  four 
successive  trials,  saquaaoa  ARAB  represents  presentation 
of  alternating  stlnull.  la  tba  runs  that  produced  this 
data  stlnull  vara  presented  immediately  after  tbe  nodal 
bed  neda  a  raspoaaa.  Thera  la  a  strong  repetition  effeot 
nad  no  alternation  affect.  Panel  B  of  Plgura  6  la  a 
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ondltlon.  Aa  in  the  nodal,  there  is  a  repetition  effect 
but  not  an  alternation  effect. 

Figure  T  presents  elaller  date  for  long  ISl'e.  Panel 
A  shows  tbe  result  of  nodal  rune  that  contained  and 
Introducing  s  blank  period  (l.e.  no  ettnulue  present)  of 
six  Internal  oyolea  betueen  tbe  response  end  tbe  next 
atlaulua  presentation.  During  thin  period  tbe  nodal 
continued  to  redistribute  activation,  and  to  react  to  any 
internally  generated  stlnull  in  the  banner  described 
above.  Panel  B  in  a  replotting  of  Kirby's  date  for  tbe 
2000  naeo.  RS2  condition.  In  both  tba  elaulsted  and  the 
bunaa  date,  repetition  effects  do  no  appear,  but 
alternation  effeots  do. 

In  tbe  hunnn  date,  responses  at  tbe  2000  *31 
condition  uere  non  rapid,  overall,  than  responses  In  the 
SO  site  BSI  ooadltloa.  This  le  not  true  In  tbe  nodal.  Bo 
attenpt  baa  bean  nada  to  reproduce  this  effect,  uhlch  aey 
be  due  to  properties  of  tba  notor  syetan  rather  than  to 
the  Interaction  betueen  expectation  end  stmulue 
Identification. 


raplottlag  of  Ktrbr ••  (197t) 


SO  naao  BSj 


J 
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Flguras  6  and  7  hare 


Snllltlae  attention.  la  choice  ruction  tl»a  atudlaa  the 
partlolpaat  iuat  identify  a  atlaulua  that  appears  In  a 
known  location.  tha  aaat  aarlaa  of  atudlaa  lovolve  tha 
dataotlon  of  atlaall  that  appaar  readonly  at  dlffarant 
looatloaa.  in  uparlaatt  by  Ilaobla  (1980)  provided  tba 
motivation  for  tho  alaulatlon.  Klnohla'a  observers  bad  to 
attaad  to  two  aaali  lights,  at  dlffaraat  looatloaa  la  tha 
vlawai  Mold,  la  taraa  of  tba  nodal,  tha  two  looatloaa 
wara  traatad  ai  aaparata  aitaraal  visual  ehaaaala.  Oa 
aaah  trial  ona  or  tho  otbor  of  tho  light*  night  flicker 
briefly.  Tho  okcarrcr’i  tank  waa  to  lodloata  whatbar  or 
aot  a  fllokor  had  ocettrred  on  olthar  ohaaaol.  Thu#  tha 
dapaadaat  variable  waa  tha  probability  of  a  oornot 
dataotlon,  rathar  than  tha  latoaoy  of  a  raaponai.  Tha 
oblaf  l adapoadoat  farlahla  la  tha  aiparlaant  waa  tha 
priority  that  tho  observer  waa  to  eealgn  to  aacb  obaanel. 
Priori ty  war  datarwlaad  by  J netructloaa,  and  by  point* 


Tha  alaulatlon  for  thla  tank  waa  oloaaly  ralatad  to 
tho  CIT  alaulatlon.  Inforaatloa  waa  praaaatad  over  tha  two 
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visual  aitarnal  ehaaaala.  Initially  both  channola  had  null 
algnala  (Si)  plaoad  on  thna  Than*  algnala  corraapondad  to 
tha  llgbta.  Than,  oa  axparlaaatal  trlala,  a  targat  (S2) 
algnal  waa  plaead  on  oao  of  tho  channola  briefly.  Catch 
trlala  wara  also  included,  in  which  no  targat  algnal  wan 
praaaatad.  (laterally,  flnchla  alao  used  oatch  trlala.) 

Tha  targat  algnal  waa  than  raplaoad  with  the  si  algnal. 

To  poralt  false  alarms,  which  do  occur  in  this  type 
of  study,  tha  reseablenoe  between  SI  end  SZ  atlaull  waa 

aot  at  .50. 

Tba  production  syatoa  used  Is  presented  m  Table  1. 

It  ooatalns  two  productions  assoolatsd  with  each  visual 
channel.  Tha  two  production#  can  ha  thought  of  as 
alnlatura  *oholcs  raaotloa*  produotlooa  within  aach 
obannal.  One  raoogaltad  atlaulua  SI,  and  the  otbar 
racognlsad  atlaulua  SZ.  A  trial  oa  whlob  a  algnal  waa 
praaaatad  was  judgsd  oorrsot  if  either  of  the  productions 
for  rsoognlslng  32  waa  anlaotad  for  axaoutlon.  On  catch 
trials,  tha  firing  of  ono  of  thoaa  production  waa  rseordsd 
an  a  falsa  alarm. 


1 


i 


J 


Tibi*  ^  lira 


figure  0  ahowa  tba  aaaantle  motivation  network 
associated  with  tba  production  eystea.  All  productions 
tart  aa*l|»td  to  tba  visual  code.  31noa  all  productions 
*ara  at  tba  ma  level  (dataotlon  of  ao  elseentary  visual 
display)  aaob  production  positively  prlaad  ltaalf,  and 
lnblbltad  all  otbar  produotons. 

Tbs  notion  of  prising  was  uasd  to  slaulata  tba  effeot 
of  1 astruot 1 ona ,  la  a  aannar  slallar  to  that  davalopad  for 
tba  study  of  alternation  effects.  It  was  aasuaad  that* 

Si  van  appropriate  1 nstruetlons,  a  parson  oould  generate  an 
Internal  "prising"  signal  that  would  bava  tba  «rfaot  of 
lowarlag  tba  raapoaaa  thresholds  of  sll  productions 
assoelatad  with  a  partlouar  abaaaal.  Thus  tba  threshold 
valua  for  aaob  obaanal  served  as  tba  prlaary  dependant 
variable.  Thresholds  varied  batwean  1  and  0, 

Qoapleaantari ly .  That  la,  If  thraabold  z  was  aaalgaad  to 
the  production#  of  obanael  1,  thraabold  1-z  was  assigned 
to  the  produoti ona  of  obaanal  2. 


Figure  0  Hare 


Data  from  t bis  sort  of  study  Is  usually  represented 
as  s  "perforaanc#  opsrstlng  characteristic"  (POC),  In 
which  the  acouraoy  of  dataotlon  of  targets  on  on#  obaanal 
Is  plotted  sgalast  the  aoouracy  of  dsteotloa  or  targets  on 
tba  other  obanael.  In  tlnobla'a  (1900)  atudy  the  POC  was 
linear,  providing  that  parforasnoe  was  plotted  in  teraa  of 
"bit  rata",  tba  perosnt  of  targsta  oorraotly  deteotad.  for 
tba  poc  to  ba  eeanlngrul,  though,  false  alarae  should 
ocour  on  only  a  saall  percentage  or  the  trials.  (It  la 
laportant  to  have  sobs  falsa  alaras,  to  ensure  that  tba 
aubjact  baa  aot  set  aa  azceaalvaiy  high  criterion  for 
target  detections  (Peobslla,  1970.  ) 

Plgurs  9  presents  the  POC  obtained  by  the  emulation. 
It  la  olaarly  linear.  Tbe  error  rate  t or  catch  trlsla  was 
sbout  5f  overall,  with  aoaawbat  aors  falsa  alsras 
occurring  when  high  priority  waa  given  to  ona  or  tba  other 
of  tba  channels.  Whether  or  aot  tba  leal  affect  la 
characteristic  of  buaan  responding  Is  unknown.  Klnohla's 
data  la  alee  shown  for  ooaparlsoe.  lots  that  la  klnohla'a 
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study  aubjaota  oav.r  c0.plvt.l7  lgaorad  tba  laaa  ralav« 
atlaulua,  ao  tba  POC  doaa  not  co»*r  tba  aitraaa  point, 
that  could  ba  alaulatad. 


Flgura  9  Kara 


with  tba  Stroop  taak 
ooapl loatad  tbao  tba 


laat  alaulatlon  to  ba  raportai 
a  altuatloa  oonaldarably  aor# 
tbar  paradlgaa  daaerlbad  bara 


la 


In 


Stroop  ajteatlooa  algaala  ara  praaaotad  slaul tansously  00 
too  aaparata  ohaaaala.  Tba  partlolpaat  la  lnatruotsd  to 
•aba  aa  Hast!  Tying  raapeaaa  to  tba  atiaalaa  on  oaa 
oh.aaal,  vblla  Ignoring  tba  otbar.  Tba  too  atlaull  will  ba 
rafarrad  to  aa  tba  ralavaat  aad  Irralavaat  atlaull, 
raspaotlvaly .  Tbara  ara  tbraa  baalc  aiparlaaotal 
Aoadltloaa.  la  tba  aamtrml  aoadt  tloa  tba  ralaraat  aad 
Irralavaat  atlaull  ara  aot  aaaoolatad  with  althar  ooaaon 
or  autaally  oaalualvo  roapoaaoa.  Is  tba  ooaritet 
Qoadltloa  tbo  ralavaat  aad  Irralavaat  atlaull  havu  atroag. 
nod  autaally  oaitradiotory ,  associations  wltb  tba  poaalbla 
ro.poaaaa.  Ia  tba  raallltatlag  condition  tba  ralavaat  aad 


Thara  ara  a  variety  of  Stroop  altuationa,  a.ch  of 
thaa  producing  a  aoaawhat  dirfarant  pattarn  of  raaponaaa. 
This  raport  dsala  only  with  a  alaulatlon  of  a  standard 
Stroop  taak,  baaad  oa  stroop'a  (1935)  original  sxparlaant. 
(A  auob  aora  datailad  atudy  of  Stroop  tasks  will  ba 
rsportad  subsequent lj . )  In  Stroop'a  aapariasnt 
partloipanta  bad  to  naaa  tba  color  of  Ink  in  wblcb  words 
wars  prlntad.  Tba  words  wars  tbaasalvaa  color  naaas;  a.g. 
tba  word  OMiBM  prlatad  la  rad  l ok.  This,  obviously*  is  a 
conflict  condition.  In  n  facilitation  condition  OIBKI 
would  ba  prlntad  in  grass  ink,  wbils  in  a  nsutral 
oondltion  altbar  a  color  patch  or  a  non-color  word  (a.g. 
DOOM )  would  ba  prasaatad  in  eolorad  ink.  in  gaaarsl,  if 
paopla  ara  nakad  to  Baas  tba  lab  color  tbara  la  a  aarksd 
slowing  of  identification  raspoaaaa  la  tba  conflict 
condition,  aad  a  nsgliglbls  inorsaaa  of  spaad  In  tba 
fhollitatloa  condition  (Oyer,  1973).  ta adlag  tba  word 
t«kaa  bslf  as  buob  tins  aa  color  naalag.  and  la  relatively 
unlnfluanaad  by  ink  oolor. 


Tba  alaulatlon  of  psrroraanoa  in  tba  Stroop  taak  was 
baaad  on  tba  aodsl  proposed  by  Norton  (1969)<  Norton  used 


rralavant  atlaull  ara  both  highly  ovariaaraad  eusa  for 


will  ba 
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Hodoi.  Por  those  who  ara  faalliar  with  Mortoo'a  notation, 
hla  logogen  corresponds  roughly  to  a  ooda  la  the  ssasntlc 
network.  Io  Horton's  nodal  tbara  la  no  alaaant 
oorraapondl  ng  dlraotljr  to  our  *produot  Ion,  ■  but  the  Idaa 
of  a  production'.  balng  activated  eeeae  la  tba  aplrlt  of 
bla  notion  o f  tba  activation  of  logogaaa. 

Stlaull  ara  aaauaad  to  appaar  on  too  vlnoal  channels, 
ns  In  tba  oaaa  of  tba  alaulatloa  of  apllt  attantlon.  Tba 
aotlona  subsequent  to  raoognlalng  vlaual  atlaull,  though, 
ara  auob  aora  ooaplaz  tbaa  la  tha  oaaa  of  tba  dataotlon 
experlaeot.  Tabla  2  ahoaa  tba  produotlon  ayetea  for  a 
alapia  Stroop  task  la  wblob  tba  worda  ISO  aad  QISSM  night 
ba  praaaatad  In  rad  aad  grtan  Ink.  Zt  ooealata  of  tbraa 
parta.  Tba  visual  produotloaa  ara  aoaewbat  analagoua  to 
thoa#  la  tba  dataotloa  study;  onob  obaaaal  baa  associated 
altb  it  produotloaa  for  raeogeialag  altbar  tba  worda  or 
eolora  for  *rad*  or  •green.*  Tba  action  parta  of  tboao 
produotloaa  saob  gabarata  an  approprlata  aaaaatlo 
atlaulua ,  indicating  to  tbo  ayatea  that  a  -rad*  or  •groan- 
Btiaolua  baa  ooourrad.  Tba  aaaaatlo  atlaolua,  la  turn,  la 
raeogalaad  by  aaaaatlo  produotloaa  tbat  gaaarata  an 
1  atari* 1  auditory  ooda  Indicating  to  tbo  ayataa  tbat  aa 
esteraal  varbal  raapoaaa  la  rsqulrsd.  Whan  tba  auditory 
lataraal  signal  la  raeogalaad  tba  approprlata  varbal 


rnaponao  la  aads.  (Naturally,  tha  coaputar  does  not 
actually  aaka  this  raaponsa.  It  la  alaply  recorded  aa 
ba 1 ag  executed .  ) 

Tabla  2  Rare 


Tha  two  part  translation  fron  vlaual  to  seaantlc 
oodea,  and  fron  soaantle  to  vorbal  responding,  aay  seen 
cluaay.  It  was  Included  to  extend  tha  alaulatlon  to 
altuatloaa  In  wbleb  axtaraal  instances  of  Internal 
conoapts  aunt  ba  recognised,  and  tba  concepts  tbaasalvaa 
Bust  ba  uaad  to  guide  tba  aeleotlon  of  •raaponsa  codas*, 
usually  for  auditory  responses.  Sea  Morton  (1969)  for 
further  Juat i f leatlon  of  tba  basic  theory. 

Tbo  vlaual  productions  ooatala  two  features  in  tbalr 
pattern  part;  one  referring  to  tbo  axtoraal  atlaulua  and 
one  referring  to  the  Instructions.  Instructions  are 
prasuaad  to  act  as  lntarnally  generated  goal  atlaull  that 
prlas  particular  produotloaa.  In  tbo  sooner  described 
earlier  for  tbo  apllt  attention  sad  atlaulua  alternation 
atwdlaa.  Thus  It  la  possible  for  a  atlaulua  to  fully  aatob 
a  vlaual  produotlon  oaly  if  tbo  atlaulua  la  rslavant  to 
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tba  loitruottooi  given.  However  irrelevant  atlaull  117 
partially  aatob  tbalr  aaaoolatad  production*. 


Flgura  10  bar# 


Flgura  10  dleplaya  tba  aaaaatlo  network  associated 
with  tba  produetloas.  Several  aeauaptlon*  from  Horton'a 
■oda 1  ara  Incorporated  la  tba  flgura.  Ooa  la  that,  a a  a 
raault  of  over laaraleg,  tba  foraa  of  worda  (aad  banca 
tbalr  aaaoolatad  produotlona)  will  kata  baeoa*  aaaoolatad 
dlraotly  with  tba  aaouatla  oodaa  for  worda.  gy  contrast, 
oolor  itlaull,  aad  tbalr  aaaoolatad  produotlona,  ara 
aaauaad  to  ba  aaaoolatad  oltb  tba  aaaaatlo  oodaa  for 
oolora,  ratbar  than  tba  naan  oodaa.  iowaver  naaa  oodaa  an 
aaaaatlo  oodaa  for  oolora  ara  both  aaauaad  to  ba 


la  that  la  a  Stroop  ooafllot  altuatloa  tba  ooatrollad 


ayataa  partially  work  agalaat  aaob  otbar.  Irrelevant  word 
•tlaall  aboald  ba  aoro  affaotira  latarfarara  tbaa 
irrelevant  oolor  atlaall  bnoauao  tba  word  atlaull  have  a 
rapid  patb  to  tba  (lnoorraot)  raaponaa,  via  tba  autoaatle 
prooeaalag  ayataa. 


Flgura  11  depict*  tba  rasulta  of  a  eiauietlon  of  tba 
ali  poaalbla  Stroop  oondltlona.  Moot  of  tba  Stroop 
flndloga  ara  raplieatad.  Tba  color  naalng-eonf Hot 
oondltloa  produoaa  by  far  tba  alowaat  raapondlng. 
facilitation  effect*  ara  relatively  aaall  for  color 
naalng,  and  non-eilatent  for  word  naalng.  Tbara  are  two 

exception*  to  tba  aoraal  Stroop  rinding.  On*  la  tbat  th*  | 

■word  reading"  oondltlona  or*  not  aa  auob  faatar  than 
■oolor  naalng"  aa  tbay  abould  ba.  Tba  aacond 

contradiction  to  buaan  data  la  tbat  conflict  la  found  In  | 

tba  word  reading  condition.  Tbat  la,  ft  takaa  longer  for 

tba  alaulatloa  to  "road*  tba  word  »D  printed  in  green  Ink 

than  It  taken  to  road  ISD  printed  in  a  neutral  oolor.  i 

detailed  analyaia  of  tba  alaulatloa  Indicate#  tbat  tbaaa 

•ffaota  oould  ba  aarkadly  reduced  by  lnoraaalng  tba  power 

of  tba  forward  aaaoolatloa  between  word  recognition  and 

auditory  pattarn  recognition.  Thin  would  Involve 

aanlpulatlng  a  paraaatar  tbat  baa  bean  a  oonatant  In  all 

otbar  atudlaa  reported  bare.  While  tba  aanlpulatlon  ***** 

a  raaaoaabla  one,  tba  data  la  flgura  10  ara  raportad  for 


Attention  and  Problen  Solving 


Png*  «J 


Attention  and  Problaa  Solving 


Pag* 


M 


alaulat 1  on  can  handla  tba  groaa  phenonene  f rot  a  variety 
of  paredlgas,  ratbar  than  to  daaonatrata  bow  tba  nodal  can 
be  tuned  to  alnlc  tba  data  froa  a  alngle  altuatlon  In 
great  detail. 


Figure  11  bare 


belated  Theoretical  Studlea 
Tbie  aeotloa  will  eompMr e  the  Production  Activation 
Nodal  to  three  other  theoretical  propoaala;  the  ACT*  aodel 
developed  bp  Anderaoo  (I983e,b),  the  ceecsde  prooeeslng 
aodel  developed  bp  NoClellend  (1979;  Buaelbart  and 
NoClallaod,  19 82),  and  Bleb's  CP  ARM  aodel  of  aeaorp 
atorage  ead  retrieval.  Tbaaa  aodala  ahould  not  ba 
considered  aa  oontandlog  aiplanatlona  of  tba  aaaa 
pbanoaana  aoalpaad  ualog  tba  Production  Activation  Hodol, 
aor  do  they  ooatond  with  each  other.  The  different  aodele 
repreaent  ooapl aaentar p  and  ooapatlble  approaches  to 
dlstlaot,  but  related,  eognltlve  behaviora. 


Anderson's  ACT*  nodal  of  aeaorp  and  problaa  solving 
reaenblea  the  Produotlon  Activation  Model  In  several  waps. 

Both  are  spsteas  for  Interpreting  productions  in  order  to 
deteralne  actions.  Both  represent  lnforastlon  in  long  tera 
aeaorp  using  seaentlo  networks.  ACT*  contains  three  types 
of  Internal  stlaulua  codee;  codes  for  apatlal  mroraation, 
teaporal  order,  and  for  abatract  propoel 1 1  one  1 
lnforastlon.  The  three  codes  are  loosely  analsgoua  to  the 
visual  auditory,  and  aaaantlo  oodes  of  the  Production 

Aotl vatlon  Modal.  | 

Tba  aoat  etrlking  discrepancy  between  the  two  aodala 
Is  In  the  conplexitp  of  tba  patterns  that  aarva  aa  cuaa  to  f 

production  activation.  In  ACT*  production  pattarna  asp  ba 
coaplex  conditional  atateaenta.  for  axaaple,  Anderson 
(1983b,  pg.  MA)  presents  an  eighteen  tera  conjunction  aa 
the  pattern  part  of  a  production  for  recognising  tba  word  , 

BACH.  Several  of  the  taraa  In  this  conjunction  are 
theaaelvea  conjunctions.  Such  patterns  are  clearly  aucb 
aora  ooaplax  than  tba  pattarna  dealt  with  In  tbs  present 
studies  of  the  Production  Aotlvetlon  Modal.  However, 
ooaplexltp  elone  doe*  aot  represent  e  beelc  distinction. 

It  would  be  possible  to  represent  Anderson's  eighteen  tera 
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conjunction  within  th#  Produotlon  Motivation  fraaawork, 
and  tbara  la  every  raaaon  to  believe  that  people  do  bavo 
tha  ability  to  racognlia  ooaplex  altuations.  i  aora  baalc 
difference  batvaan  tha  aodala  la  In  tha  techniques  that 
ara  uaad  to  aatcb  atlaull  to  pattarns. 

In  ACT*  pattarna  ara  aatohed  to  atlaull  ualng  a 
aoaputa t Iona  1  aatbod  known  aa  data-flow  pattara  aatoblng 
(for tr.  1979) .  explaining  tha  datalla  of  euob  a  aapplng 
would  ha  beyond  tba  aoopa  or  thia  papar.  Tha  important 
point  la  that  a  ooaaltaent  to  tha  data  flow  aatoblng  doaa 
not  raatrlot  tba  logloal  complexity  of  tba  daaorlptlon  of 
tba  olaaa  of  atlaull  that  aotlvata  a  givan  produotlon  (1). 
■y  oontraat,  tba  Produotlon  Motivation  Hodal  uaaa  a  llnaar 
dlaorlal nation  prooadura  to  dataralna  tba  ralatlva 
atrangtha  of  aatobaa  batvaan  tba  ourraot  atlaulua  and  tba 
pattaraa  atorad  In  long  tara  aaaory.  Tbara  ara 
1 ntaraat 1 ng,  ralatlvalp  alapla  o 1  ana  1 r 1 oa 1 1  on  rulaa  that 
oannot  ha  raallaad  by  a  llnaar  dlaorlaloatlon  prooadura 
(Nlnaky  and  Papart,  1968).  For  lnstanoe,  tba 
blooadlttonal  ruin  (Mn  ltaa  la  a  aaabar  of  olaaa  Z  If  It 
baa  both  faaturaa  a  and  b  or  if  it  baa  ealthar  faatura) 
oannot  ba  raallaad  by  awoh  a  prooadura,  although  It  oould 
ba  raallaad  by  data  flow  pattara  aatoblng.  Thorafora  aora 
powarfal  prodnatloaa  oa.  ba  atatad  within  tha  ACT* 
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fraaawork  than  within  tha  Production  Motivation  fraaawork. 
Whether  tbla  should  be  regarded  aa  a  atrength  or  weakness 
la  a  aatte-  of  debata.  Linear  ayateaa  can  ba  Justified  by 
reference  to  alapla  neural  aodala.  However  linear  systaaa 
are  probably  not  powerful  enough  to  nodal  all  huaan 
pattara  recognition,  Doaa  aucb  aodallng  require  a  ayataa 
of  tha  coaplaxlty  of  data  flow  networks?  Tha  anawar  to 
this  question  la  uot  known. 

M  slailar  renark  can  ba  aada  about  tha  uaa  of  codoa 
to  daflna  tba  pattaro  parta  of  productions.  Tha  Production 
Motivation  Nodal  contains  the  etrong  assumption  that 
patterns  ere  derined  only  within  a  code  type.  It  la  for 
thia  reason  that  productions  ooapete  for  activation  only 
within  clesBoa  of  productions;  auditory  produetona  with 
theanelvee  but  not  with  visual  productions,  and  ao  forth. 
Although  ACT*  has  thran  code  typaa,  tbara  la  apparantly  no 
requirement  that  tha  pattarn  of  a  production  ba  raatrlctad 
using  only  ona  coda  typa.  ACT*  could  rnoognlaa  a 
croas-aodal  atlaulua,  auoh  aa  a  barking  dog,  by  activating 
a  single  production.  Thus  ACT*  aaauaaa  a  prlaltlva  ability 
for  croea-eodal  integration,  while  tba  produotlon 
aotlvatlon  aodal  requires  a  aub-aodal  of  tba  integration 
prooaaa. 


I 
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la  tba  Pattarn  Aestivation  Modal  a  atlnulua  la  daflnad 
as  an  ordarad  aat  of  faaturaa  on  a  particular  channel. 

ACT*  doaa  not  hava  a  slallar  oonoapt  of  cbannala  within  a 
coda  ty  pe .  Tbua  ACT*  baa  tba  capability  of  raactlng 
dlraotly  (l.a.  by  tba  aatohlng  of  a  aingla  production)  to 
a  atlaulus  daflnad  by  tba  totality  of  faaturaa  praaanC  la 
tba  aitarnal  world,  wblla  tba  Produotion  Activation  Modal 
auat  build  up  an  Internal  rapraaantation  of  that  atlaulus, 
by  racognl si ng  tba  praaanoa  of  pattarna  on  different 
atlnulua  abannala,  and  ualng  tbaaa  recognitions  to  plaoa 
together  an  internally  generated  coding  of  the  total 
atlnulua  oonplex. 

Tba  dlatlnotlon  between  produotion  aotivatlona  based 
on  restricted  or  unreatrloted  pattern  recognition  la  a 
serious  theoretical  Issue.  In  tbe  ACT*  franework  a  cross 
nodal  atlnulua,  or  a  oroas-channe 1  atlnulua  wltblo  a 
particular  node  of  presentation,  oould  activate  a 
produotion  dlraotly.  Therefore  it  oould  loltlate  autonatlc 
data  prooeaalng  within  the  seaantlo  network,  tfhlle 
sonethlng  reaanbllng  cross  nodal  (or  oroas  channel) 
autonatlo  data  prooeaalng  oould  occur  in  tbe  Produotion 
Aestivation  nodal,  through  partial  arousal  of  pattarna,  tbe 
anount  of  autonatlc  loromatlon  prooeaalng  would  be 
Halted.  Tbla  raises  an  inportaot  enplrloal  question.  Is 
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It  possible  to  autonata  responding  to  stlnull  defined  In 
tarns  of  nore  than  one  lntarnal  coda?  Or  daflnad  In  tarns 
of  tba  coablnatlon  of  lnfornation  on  nore  than  one 
channel ? 

ACT*  and  the  Produotion  Activation  nodal  also  differ 
narkadly  In  their  traatnant  of  reaotlon  tinea.  In  the 
Produotion  Activation  ayaten  reaponaa  tinea  are  derived 
fron  tba  dynanlca  of  tbe  davelopaent  of  activation  levels 
associated  with  the  various  productions.  In  ACT*  reaction 
tines  for  aaaory  retrieval  are  ooaputed  as  a  function  of 
properties  of  the  distribution  of  activation  In  a  stable 
aaaentlc  network,  after  the  dynsalc  pisses  of  a  reaponaa  to 
a  atlnulua  baa  been  oonplated.  Tbe  difference  in  eaphasla 
la  appropriate,  considering  tbe  difference  In  the  type  of 
process  being  studied.  Tbe  Production  Activation  Model 
atudlea  have  been  foousued  on  situations  requiring  rapid 
responses  to  easily  recognised  stlnull.  The  response 
tines  being  aodeled  are  seldoa  nore  than  a  second.  The 
retrieval  processes  studied  In  ACT*  sinulstlons  (Anderson, 
1)83*)  nay  taka  ssvsral  seconds.  It  sesns  rsaaonsbla  to 
regard  than  as  tbs  result  of  s  search  process  that 
asenlnes  stable  aotivlty  of  a  ssaantle  network,  instead  of 
the  being  an  offaboot  of  tba  Initial  dynaalc  reaponaa  of 
tbs  systsn  to  atlnulua  praaentatloa.  Aedaraon  doss  not 
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offar  a  aodel  of  tha  search  prooaaa  Itself. 

These  dlffaranoaa  between  tha  models  oan  b«  rasolvad 
by  regarding  *CT  •  and  tbs  Production  Activation  Nodal  as 
complementary  aodals  that  deal  with  dlffarant  phanoaana, 

In  s  aoapatlble  aannar.  ACT*  aodals  have  bean  proposed 
for  tbs  retrieval  of  information  froe  memory,  end  for 
coaplez  cognitive  sots,  suoh  as  solving  probleas  in  plana 
geometry.  An  analysis  of  snob  actions  by  aodals  that 
bagao  with  phanoaana  at  the  level  of  physical  stlaulus 
recognition  would  qulokly  bacons  hopaleasly  oonplicated. 

Tha  Production  Activation  Nodal  haa  been  designed  to  deal 
with  these  preoisely  aore  aoleeular  situations  <2). 

Ms  conjecture  that  ACT*  oould  be  reareatsd  as  e  sat 


Nodal.  Date  flow  networks,  whlob  ere  treated  si 
primitives  by  ACT*,  would  bs  trusted  as  dsolslon  pr^onai 
to  be  aodeled.  Tka  coaplez  patterns  raoognlsed  directly 
by  ACT*  would  then  be  anened*.  as  e  response,  by  the 
Production  3/itea  aodel.  Similarly ,  gross  aodel 
Integration  oould  he  slaulated  using  the  Production 
Activation  aodel,  aad  the  output  or  the  simulation  used  < 
an  •elementary*  atlaulua  feature  In  the  ACT*  framework. 
Tbe  resulting  elanlatloa  prograa  mould  alaoat  certainly  I 
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a  cluaay  coaputstl ona 1  davlca,  so  ona  would  hardly  propoaa 
developing  a  working  aodel  for  use  in  extensive 
simulations.  Tbe  development  of  one  or  two  simulations  to 
teat  the  extent  of  coapleaentarl ty  would  be  interesting 
exerciaa  In  theory  developaent. 

There  are  soae  minor  discrepancies  between  tbe  models 
that  require  brief  ooaaent.  ACT*  sod  the  Production 
Activation  aodel  differ  in  tbe  details  of  the  algorithms 
that  are  used  to  ezeoute  various  actions;  e.g.  to  ooapute 
the  spread  of  activation  levels  through  the  eeaantlc 
network.  Olven  the  ourrent  etete  of  knowledge  concerning 
the  simulation  of  cognitive  action,  the  use  of  slightly 
different  algorithms  la  a  minor  dlsorepancy.  At  soma 
point,  though,  a  theoretical  Justification  should  be 
offered  for  all  algorithms  used  in  a  simulation.  This 
point  will  bs  dl sousssd  again,  la  connection  with 
NoClsllend'a  oaacads  modal  of  Information  procsasing. 

finally,  ACT*  Is  programmed  In  LISP,  while  tbs 
Production  Activation  Nodel  baa  bass  programmed  io  PASCAL , 
Tbls  dlsorepancy  la  purely  a  technical  one,  and  baa  no 
psychological  significance  whatsoever. 


■J 
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fi**c*d«  matin  i*  af  agUara  mattttiM 

la  the  Production  Activation  model  proomti 
M*oolit«d  with  tho  1  *o 1 1  on  of  a  production  at  on#  stage 

of  information  prooaaaing  oio  begin  bofora  tba  coaptation 
of  prooaaaing  at  prtor  atages.  for  exmaple,  If  a  visual 
stlaulua  la  presented  tha  activation  of  relavant  visual 
pattaras  can  food  activation  forward  to  aaaantlc  patterns, 
before  any  produotloo  braaka  through  tba  visual  bottleneck 
point  to  be  executed.  This  contrasts  with  serial  model* 
of  Information  processing,  which  require  the  oowplatlon  of 
analjraea  at  ona  stags  before  a  subsequent  stage  oan  begin. 
MoClalland  (  1979)  oolned  the  tern  "Cascade  Processing*  to 
refer  to  eodela  which  have  this  characteristic.  He 
presented  a  detailed  description  of  a  particular  olsss  of 
cascade  eodela.  Subsequently,  kuwelhsrt  and  McClelland 
(198?)  used  the  cascade  model  as  tba  basis  for  a 
simulation  or  visual  word  recognition. 

In  KoClelland's  cnaoada  modal,  ooncepta  in  memory  are 
repraaantad  by  nodes  that  vary  in  tbair  level  of 
motivation.  The  nodea  in  a  network  ere  divided  into 
eubeeta  (■levels*).  Connections  between  nodea  on  tha  ease 
level  are  predominately  inhibitory,  while  oonneotlona 
between  nodes  la  different  levelo  ere  generally 
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facllatory.  This  is  ntnctlf  tha  scheme  used  to  connect 
tha  nodes  representing  •semantic*,  "visual*,  and 
"auditory*  patterns  in  tba  Production  Activation  Modal 
(3).  Therefor#  tha  networks  used  In  tha  Production 
Activation  Modal  could  be  thought  of  as  specific  examples 
of  tha  cascade  networks  that  McClelland  dascrlbaa. 

McCltl land ' a  models  have  bean  applied  to  tha 
simulation  of  word  recognition  of  words  (Puaelhart  and 
McClelland,  1982;  McClelland  and  kumelhart,  1981).  In 
these  studies  tha  process  of  recognition  begins  with  tha 
identification  of  vary  simple  visual  features,  such  as 
horlaontal  or  vertical  Una  segments,  and  word  snd  latter 
recognition  la  derived.  In  tba  Production  Activation 
studies  stimulus  recognition  at  tha  word  level  la  asserted 
aa  a  primitive  process.  It  would  be  possible  to  regard 
MoClalland ’a  work  as  an  analysis  of  bow  activation  la 
spread  from  level  to  level,  and  the  Production  Activation 
studies  as  analyses  of  the  consequence  of  that  spread. 

Tha  asms  view  could  ha  taken  of  tba  relation  between 
McClelland's  work  and  Aadarson's. 

MoClalland 'a  models  deal  only  with  pattern 
recognition  sod  memory  ereuael.  In  the  terminology  of  the 
Production  Activation  modal,  cascade  prooaaaing  la  a 
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aecbsolsa  that  could  ba  uaad  to  produce  autoeetlc 
r*»pondla|.  Thm  cascade  aodel  does  sot  dual  with 
aacbanlaaa  fop  controlled  responding. 


in  tba  aathaaatlcal  loiijiila  of  psychological  theories. 

Tha  CHUM  Modal 


Tbara  la  one  coafllot  between  McClelland's  aodela  and 
the  aodela  eiplorsd  within  the  Production  Activation 
fraaevork.  In  McClelland's  nodal  the  spread  of  activation 
froa  node  to  node  is  controlled  by  aa  algorltha  that  baa 
the  deelreahle  property  of  liaitiag  the  aaslaua  activation 
level  of  any  node  to  a  pre-established  asyaptotio  value. 
The  algorltha  used  la  the  Production  Aotlvatlon  nodal 
could,  la  theory,  produoe  an  arbitrarily  high  level  of 
aotlvatlon  at  any  one  node.  While  thia  situation  baa  not 
base  encountered  in  practlee,  Ita  poeaibility  ia 
botheraoae  because  the  potential  for  a  Haitians 
aotlvatlon  lovol  ocean  unrealistic.  A  few  atteapts  have 
boon  aado  to  roproduoo  tbo  emulations  reported  here, 
using  McClelland's  algorltha  for  spreading  aotlvatlon 


In  none  of  the  oases  studied  dl 
senble  buaan  data.  Interestingly. 


Aadorsoa  (1983b)  reports  slailar  results  when  MoClelland'a 
algorltha  was  Incorporated  Into  ACT*.  Given  the  suooeoa  of 
the  algorltha  in  elawlatlag  the  data  froa  etlaulus 
recognition  situations,  ita  failure  in  these  emulations 
la  pesallag.  Solving  this  pestle  would  be  a  useful  study 


Bleb  (1982)  has  devolopad  a  "Coaposlte  Holographic 
Association  and  Retrieval  Model*,  hence  the  acronya.  In 
tbe  CHAIM  aodel  a  etlaulus  la  a  veotor  of  feature 
strengths.  Associations  between  two  stlaull  are 
established  by  storing  the  convolution  of  tbe  two  etlaulus 
veotors.  Storing  the  convolution  of  sttnulua  vectors 
produces  an  inforaatlon  storage  systea  slailar  to  the 
■aeaory"  displayed  by  a  holograph,  which  stores  tbe 

convolution  of  tbe  light  spectra  falling  on  it  froa  t 

different  sources.  Bleb  has  shown  that  the  loforaetlon 
contained  in  tba  convolution  any  be  conblned  with  . 

inforaatlon  in  a  probe  atiaulua  (l.e.  a  recall  ue )  to  * 

reconstruct  tbe  original  atiaulua. 

Bleb's  aodel  does  not  oontaln  a  production  systea 
stage,  which  is  not  surprising  sinoe  the  aodel  has  been 
presented  solely  as  a  aodel  or  aeaory.  CHAIN  is  discussed 
here  beoause  it  could  be  incorporated  into  the  Production 
Activation  Model  as  an  explanation  or  the  pattern 
recognition  process  that  is  a  prlaltlve  in  the  Production 
Aotlvatlon  aodel.  In  the  aodel  specified  bare  etiauli  are 
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recognised  by  a  computing  tha  similarity  between  tha 
atlaulua  coaplex  and  the  pattern  recognition  part  of  a 
production.  Similarity  la  defined  to  be  a  weighted  sue  of 
tha  reaeeblance  between  featurea  of  the  atlaulua  and 
featurea  of  the  pattern.  How  the  pattern  caae  to  be  In 
long  tera  memory  la  a  problea  outalde  of  the  acope  of  tbe 
aodel .  Blob ' a  propoaal  provide*  aotlvatlon  for  an 
alternative  aodelT  In  which  each  pattern  la  a  record  of 
the  convolutione  of  tbe  atlaulua-etlaulua  sequences  that 
the  system  haa  experienced.  ir  Elch'a  aodel  were  to  be 
Incorporated  ai  the  pattern  recognition  prooeaa  for 
produotlon  aotlvatlon,  thie  would  at  once  provide  an 
eleaentary  learning  aechanlaa  and  offer  a  aechanlaa  for 
pattern  recognition  that  could  ba  Juatlflad  by  appaal  to 
aupportlag  paycbologlcal  atudlaa,  ratbar  than  to  thv 
aaaertlon  that  it  produoea  reaaonable  reaulta. 

While  tbe  idee  of  lnoorporatl ng  both  the  caaosde 
prooeaslng  and  CHARM  t'dels  within  the  Production 
Activation  fraaawork  it  a  conceptually  appaallng  on#,  tbe 
teobnlcal  probleas  of  Incorporation  abould  not  ba 
undmreetlaated .  Both  tha  CHARM  and  oaacade  procaaslng 
eodela  require  extensive  nuaerloal  computation.  Tha 
ooaputatlonal  burdens  of  tbe  Production  Aotlvatlon  nodal 
iteelf  are  net  trivial  (4).  The  coaputetlonal  problea  aay 


not  be  solvable  without  access  to  tha  very  large,  high 
speed  array  processing  Ooaputars  that  are  Just  now 
becoaing  available.  The  exploretlons  of  this  class  of 
psychological  models  aay  ba  wall  ba  llaltad  by  the 
coaputlng  power  available  to  the  researchers. 

Suaaary 

The  Production  Activation  Model  Incorporates  two 
Ideas;  the  use  of  a  saaantlc  network  to  activate  concepts 
held  In  long  tera  eeaory  and  the  use  of  production  systeas 
to  aanlpulate  lnforaatlon  lo  working  aeaory.  The  seasntlc 
network  is  seen  ss  controlling  autonatlc,  highly 
overlearnad  responding.  Tha  working  aeaory  eyatea 
determines  slower,  controlled  responding  baaed  on 
decisions  made  about  tha  current  stimulus  complex.  Tha 
aodal  has  bean  used  to  ooustruct  simulations  of  human 
behavior  In  a  variety  of  paradigas  In  which  people  mat 
choose  quickly  batwaan  possible  Interpretations  of  the 
atlaulua,  monitor  two  atlaulua  channels  for  relevant 
lnforaatlon,  or  •'•apond  to  one  channel  while  Ignoring 
another.  The  suceess  of  tha  simulations  Indicates  that 
the  aodel  haa  considerable  braadth  of  appllcaton. 

Tha  logical  relation  between  tha  Production 


Solving 


lotintlon  Nodal  and  other  nodels  of  aenory  and  attention 
«•  oooeldered.  The  Production  Activation  Modal  daala 
with  processes  aora  loUcultr  than  tbosa  daacrlbad  In 
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apaolal  oaaa  of  tba  Production  Activation  nodal.  In 
turn,  MoClolland'a  nodala  or  caaoada  prooaaalng  and  Klcb'a 
CHAIN  nodal  of  nenory  oaa  bn  thought  of  aa  nodala  for 
prooaaaaa  that  ara  traatad  aa  prlnltlvn  actiona  in  tba 
Production  Activation  Nodal. 


Natbnaatloal  nodala  of  payobologleal  pbanonana  have 
bean  critlol cad  for  bale*  alaborata  nodala  of  highly 
apaolal lead  laboratory  paradlgns.  Tba  work  raportad  bara 
partially  rarutaa  auob  a  olaln.  What  baa  been  abown  la 
that  tbara  in  eoanldarabla  oonpatabl 1 1 ty  between  tbo  ldaaa 
uaad  in  tba  analyala  of  auob  dlaparata  situations  aa  two 
oboloa  raaotloo  tlna  asparlnanta  and  tba  analyala  of 
protoeola  taken  fron  waster  obese  players.  A  great  deal  or 
further  tbaoratloal  work  ronaloa  to  be  dona  to  ecplore 
varloua  areas  of  oonpatabl 11 ty  and  1 noonpatabl 1 lty .  Sono 
aapaota  of  tba  further  work  will  require  aatanalva 
computing  facilities  in  order  to  oonduot  tba  naoaaaary 


prospects  for  development  of  payobologleal  tbaorlaa  that 
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Author ' s  Notes 

*  the  research  reported  here  waa  supprted  by  the  Office 
of  Naval  Research,  Contract  N000  1 A -80-C-06 3 1  ,  to  the 
University  of  Washington.  The  views  expressed  herein 
are  the  authors,  and  do  not  raflect  policy  of  tha 
sponsor.  Wa  are  happy  to  aeknowl edge  the  contributions 
of  Henry  Helff,  P.  Seth  terr,  Colene  McKee,  Polyenna 
Platon  and  Paul  Reed,  all  of  who*  eithar  worked  with 
ua  on  various  aubprojeot*  or  contrlbwtad  useful 
criticises  of  our  approach. 

1.  Anderson's  data  flow  nstworka  contain  nodes  that  can 
conput#  logical  functions  of  thalr  Inputs.  See,  for 
Instance,  the  exaaple  provided  In  Anderson,  1963b,  pg. 

* 39— 1*5.  Given  this  such  coeputlng  power,  It  la  not 
clear  that  there  are  any  llelta  to  data  flow  networks 
other  than  those  that  apply  to  Turing  machines.  In 
mors  psychological  teres,  ACT*  provides  no  principles 
to  Halt  tha  complexity  of  patterns  that  can  be 
recognised  directly. 

?.  Anderson  I  1963b)  has  sketched  ways  in  which  act* 
eight  be  applied  to  pattern  recognition  end  attention 
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bare.  Hla  detailed  studies,  however,  have  been  of  aucb 
aore  ooaplea  altuatlona  Involving  learning,  problea 
solving,  and  long  tera  aeaory  retrieval  (Anderaon, 
1993a, b). 

3 ■  The  organisation  of  nodes  In  the  Production  Syatea 
Nodal  waa  baaed  on  earlier  work  by  Hunt  (1967). 
HoClelland'a  (  1?79)  detailed  analysis  of  oaaoade  aodels 
represents  the  parallel  evolution  of  a  alallar  Idea. 

The  general  concept  or  lateral  Inhibition  coupled  with 
positive  feed  forward  olroults  also  appears  In  a  nuaber 
of  other  proposals  for  aatbeaatloal  aodels  of 
biological  Inforaatlon  processing. 


*.  the  alaulattona  reported  In  this  article  required 
several  hours  of  oentral  processor  tins  on  a  VAX  790 
computing  syatea.  This  does  not  lnolude  tlae  for 


prograa  developaent  or  for  eiploratory  coaputatlons . 


Figure  Captions 

Fleurs  1,  A  acbeaatlc  of  the  architecture  of  the 
production-activation  aodel. 

Fleurs  2.  The  aeaantlc  network  used  to  connect 
productions  in  alaulatlng  a  two-choice  reaction  tlae 
study.  V(s)  la  the  rule  *lf  visual  atlaulua  i  la 
recognised,  create  aeaantlc  atlaulua  Sts].*  S[*J  la  the 
rule  alf  aeaantlc  atlaulua  s  la  present  aake  response  a.a 

Fleurs  A  alaulstlon  of  Hick's  law.  Reaction  tlae 

increases  logart thaloal ly  with  the  nuaber  of  alternatives 
In  the  aodel.  Human  data  froa  Taylor's  (1992)  study  shows 
a  alallar  relation. 

Fleurs  a.  Reaction  tlae  and  accuracy  ara  both  Increased 
by  Increasing  the  DELTA  paraaenter.  This  aiaics  the 
negative  apead-accuraoy  relation. 

Fleitra  t.  Reaction  tlae  increases  and  accuracy  decreases 
If  nolee  le  added  to  the  spates  Internally  (Figure  5a)  or 
If  the  alallarity  between  atlaull  la  lnoreeaed  (Figure 
5b). 
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Pleura  & .  Responding  to  repetitive  stlaull  (AAAA)  of 
alternating  sequences  ( ABAS )  as  a  function  of  the  position 
of  the  altleulus  in  a  sequence.  Panel  A  shows  data  froe 
the  eodei.  Panel  B  shows  dels  from  Kirby'*  (1976)  study. 
Data  is  shown  for  short  RSI  conditions. 

figure  7 .  Responding  to  repetttlva  atleull  ( A1 A A  )  or 
alternating  aequencee  (ABAB)  as  a  function  of  the  position 
of  the  stimulus  in  a  sequence.  Panal  A  shows  data  fros 
the  eodei.  Panel  8  shows  dsts  froe  Kirby's  (1976)  study. 
Data  is  shown  for  long  RSI  conditions. 

Flsyra  8.  The  seeantlc  activation  network  used  to 
simulate  the  simultaneous  eonltorlng  visual  channels. 

Pleura  9.  The  perforesnce  operating  chsraoter 1  at 1 c  for 
eonltorlng  two  channels.  Squares  are  data  produced  by  the 
eodei.  Trlanglee  are  date  replotted  froe  Klnohla'a  (I960) 
study. 

Figure  IQ.  Tbs  seeantlc  network  uaed  to  aleulate  etroop 
phenoeenn . 

Figure  11.  Ties  to  reeot  as  a  function  of  conditions  In 
etendnrd  etroop  peredlge. 
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Table  1 

1.  If  SI  la  on  channel  1  ->  do  nothing 

2.  If  S2  la  on  channel  1  ->  Mark  "target* 

3.  If  SI  la  on  channel  2  ->  do  nothing 

4.  If  S2  la  on  channel  2  ->  Mark  "target" 
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Table  2 

Visual  Productions 

If  the  Instructions  are  to  respond  to  the  word  and  the  word  Is 
RED  then  --> 

Generate  seaantlc  code  red  . 

If  the  instructions  are  to  respond  to  the  word  and  the  word  Is 
GREEK  then  — > 

Generate  semantic  code  green  . 

If  the  Instructions  are  to  respond  to  the  color  and  the  color  Is 
red  then  --> 

Generate  semantic  code  req  . 

If  the  Instructions  are  to  respond  to  the  color  and  the  color  Is 
green  then  --> 


Generate  semantic  code  green 
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Table  2  (continued) 

Semantic  Productions 

If  tbe  semantic  code  Is  red  then 
Generate  auditory  code  /red/. 

If  the  semantic  coda  Is  g£juui  then  — > 

Generate  auditory  code  /green/. 

Auditory  Productions 

If  the  auditory  code  is  /red/  then  --> 

Make  external  response  "red." 

If  the  auditory  code  Is  /green/  then  --> 

Make  external  response  "green." 

Productions  used  to  simulate  Stroop  Task. 
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